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Introduction
The correction of the Class II malocclusion has long been a problem for
orthodontists. Owing to the many etiologies, a careful diagnosis is essential when
correcting this malocclusion. Prior to orthodontic treatment, one should determine the
etiologic factors, and what type ofmechano-therapy should be utilized for each
individual.
The use of cephalometrics has enhanced the orthodontists’ capabilities to
diagnose the multiple skeletal components of a Class II malocclusion. Whether the
etiology is a prognathic maxilla, a retrognathic mandible, or varying angular skeletal
relationships, a proper diagnosis is essential in treatment planning on an individualized
basis for any type of malocclusion correction.
Growth also plays an essential role when determining treatment modalities for
Class II correction. The skeletal age, medical history, sex, growth potential, and patient
compliance are key components in selecting treatment modalities. The decision to use
extra-oral traction, functional appliances, or extraction of dental units is based on the
orthodontists’ ability to utilize the potential growth of a patient during treatment.
A review of literature reveals that there are many options for the correction of
Class II malocclusions. The use ofheadgear (extra-oral traction) for differential jaw
growth has long been utilized, but patient compliance has always been an uphill battle for
clinicians. Also, the ongoing debate as to whether headgear use affects restriction of the
maxilla, enhances the growth of the mandible, or simply alters the cant of the occlusal
plane. This is further complicated by the various extra-oral traction choices available and
the direction and magnitude of force in which they are applied. Functional appliance
therapy such as the Herbst, Twin-block, Frankel-2, and Jasper Jumper has also been an
excellent treatment option, but once again, all of the above limitations pertain.
The Herbst fixed appliance was designed for the purpose of repositioning the
patient’s mandible anteriorly. This positioning was claimed to stimulate condylar growth
without the need ofpatient cooperation. This appliance has been studied by numerous
clinicians and has received varying reviews of success of Class II correction. The Twin
Force Bite Corrector is a similar push-type appliance that not only serves the same
purpose with the same results, crown coverage is not required for appliance insertion.
The purpose of this study is to (1) analyze the results of Class II correction by a push-
type fixed intermaxillary appliance, (2) analyze the stability of the Class II correction
post treatment, and (3) evaluate skeletal and dental changes from a push-type
intermaxillary fixed functional appliance, and compare the results to skeletally age-
matched controls from the Denver Growth Study.
Background/Literature Review
Definition and Incidence
Edward Angle described three classes ofmalocclusion based on occlusal
relationships of the first molars. A Class II malocclusion can be defined as "lower molar
distally positioned relative to upper molar, line of occlusion not specified." (Proffit,
1993) This definition was an early attempt to distinguish and categorize a malocclusion
from an ideal occlusion. This accepted definition served a great purpose, but many felt
that additions to this definition were needed to describe why the malocclusion exists.
Angle felt, with a Class II malocclusion, the mandible was always at fault, but Calvin
Case did not agree. Case stated the Angle’s classification system did not take into
account incisor relationships and therefore a subdivision series would later be adopted.
Although Angle’s classification system is still widely used today, the use of
cephalometrics has allowed orthodontists to better define many ofthe etiologies of this
malocclusion. Class II malocclusions can be the result of maxillary protrusion, maxillary
dental protrusion, underdeveloped mandible, retrognathic mandible, mandibular dental
retmsion, or a combination ofthe above. The blame cannot be based solely on the
mandible. In the United States, Class II malocclusion is due almost entirely to a
mandibular deficiency (Proffit, 1993; McNamara, 1981). Proffit states (1993) that eighty
percent of Class II malocclusions are in fact due to a mandibular deficiency, but one must
not assume that the mandible is entirely to blame.
Etiology of Class II Malocclusion
There are many factors that determine why a malocclusion exists. Numerous
studies have been published examining the etiologies of Class II malocclusions (ex
Proffit, 1993; McNamara, 1981). Specifically with a Class II malocclusion, genetics is
likely to be the cause of retrognathic facial proportions. ’2 A Class II malocclusion can
also be due to a previous trauma to the jaw, musculature, or surrounding joints. Trauma
to the mandibular condyle could result in an asymmetric growth ofthe mandible thus
resulting in a subdivision malocclusion.
The Role of Growth
Numerous studies have been completed on the evaluation ofpotential skeletal
growth. It is well known that the rate ofmandibular growth is not constant throughout
development. One must determine if growth is still available, or when peak velocity
might take place (Franchi et al., 2000; Nanda, 1955; Bjork, 1963, 1967).
Growth Analysis
There are many methods to evaluate and predict when growth will take place.
Hand-wrist
The use ofhand-wrist radiographs, adopted by Fishman in 1981, analyzed
the extent of skeletal maturation based on a hand-wrist film (Figure 1). Fishman
studied eleven ossification sites throughout the hand and analyzed the sequence of
ossification at these sites. Based on his findings, he established four stages which
included: epiphyseal widening on selected phalanges, ossification of the
sesamoid of the thumb, "capping" of selected epiphyses over their diaphyses, and
fusion of selected epiphyses and diaphyses. This sequence of events was found to
be extremely consistent in 1997 ofthe 2000 patients observed. Based on this
study, Fishman concluded that with these sites of ossification, the level of skeletal
maturation could be determined and utilized for the ideal timing of orthodontic
treatment. Fishman also stated that based on these findings, statural height could
also be evaluated in accordance to peak growth velocity, with girls achieving
skeletal maturity before boys.
INDICATORS
Figure 1. Sites of skeletal maturity indicators. (Fishman, 1981)
Cervical Vertebrae (old version)
The evaluation of cervical vertebrae maturation, originated by Lamparski
in 1972, categorized six consecutive stages in cervical vertebral maturation (Cvs 1
through Cvs6). O’Reilly M and Yanniello (1988) later expanded this study by
evaluating mandibular growth and change as compared to the maturation of
cervical vertebrae. This study was critical in that now cervical vertebrae
maturation could directly be related to mandibular development without the need
of an additional hand-wrist radiograph.
Franchi, Baccetti, and McNamara performed a study in 2000 relating
mandibular growth to cervical vertebral maturation. They analyzed six stages of
cervical vertebral maturation, as stated by O’Reilly M and Yanniello, (1988)
(Cvs 1 through Cvs6) and correlated it with skeletal maturation and statural height
(Figure 2). The results stated there was a significant increase in mandibular
length, craniofacial growth, and statural height in stages three to four (Cvs3 to
Cvs4) when compared to Cvs2 to Cvs3. There was also a significant decrease in
ramal height growth noted in stages Cvs4 to Cvs5, along with a deceleration of
growth in mandibular length when compared to vertebral stage C3 to C4. These
results were consistent with 100 % ofthe boys and 87 % ofthe girls involved with
the study. The purpose of this study was not only to show the timing of growth,
but also for the practical use of a lateral cephalogram as an indicator for growth.
Cvs I Cvs 2 Cvs 3 Cv$ 4 Cvs 5 Cv$ 6
Figure 2. Developmental stages of cervical vertebrae. Stages 1-6, with peak height
velocity between stages III & IV. Concavity at inferior border of C3 is
indicator ofpeak height velocity within one year. (Franchi et al., 2000)
Cervical Vertebrae (New Version)
Baccetti et al., (2002) improved on their original method of cervical
vertebral maturation analysis. Five stages for evaluation would be indicated as
opposed to six with the old method. The need for the second through the fourth
vertebrae was also required with the new method as compared to six vertebrae
being required (Figure 3). The reasons for the changes were as follows: After
careful evaluation, no peak growth was observed in the original stages Cvs1 to
Cvs2; therefore, this was combined into one stage termed CVM1. This reduced
the need for only five stages. As for the vertebrae needed, a reduction of
vertebrae required was utilized so radiographs taken with a radiation collar could
still be evaluated. The evaluation of vertebral morphology was also analyzed for
use of stage differentiation. Note that a presence of a concavity of C3 is a
positive identification for peak growth to immediately follow. This falls into the
CVMS II stage and signifies the optimal time to begin functional jaw orthopedics.
CVMSI CVMS II CVMS III CVMS IV CVMS V
Figure 3. The new improved CVMS Method (five developmental stages, CVMS I
through CVMS V), with peak height velocity within one year of stage two.
(Baccetti, 2002)
Possible Treatment Remedies
Growth
Perhaps a Class II malocclusion can correct on its own. With the aid of
growth working in the clinician’s favor, one might hope that growth of the
mandible alone will self correct the malocclusion. Unfortunately, this is not the
case.
Growth Modification
Assuming growth is available, growth modification can be implemented
by use ofheadgear or functional appliance. The use of an extra oral force, such as
headgear, has long been studied for Class II correction. Patient’s exhibiting a
Class II malocclusion by a retrognathic or underdeveloped mandible or by means
of an excessive maxillary development are candidates for headgear treatment.
Use ofheadgear to restrain the maxilla and allow the mandible to catch up in
growth is one technique for treatment. This requires the patient to continue with
headgear treatment throughout the patient’s pubertal growth spurt for maximum
effect. One theory is that a "rebound effect" on the maxilla could occur once
headgear treatment is discontinued. This could result in a continuation of growth
in the maxilla until all predetermined growth is completed, thus resulting in a
Class II relationship once again (Melson, 1978).
Another approach toward mandibular deficiency correction is functional
appliances. Patients exhibiting mandibular deficiency with growth remaining are
prime candidates. The objective of a functional appliance is to stimulate
mandibular growth at the condyle due to a reduction of force on the condylar
tissue. An acceleration of growth has been noted to occur upon appliance
insertion (McNamara et al., 1985; 1990) with no additional growth occurring
other than what has already been genetically predetermined (Pancherz et al.,
1990). The benefit of the functional appliance is to achieve growth at a more
rapid pace under the care of the clinician.
Herbst Appliance
The Herbst appliance was first developed in the early 1900’s and later
reintroduced in the 1970’s by Pancherz (Proffit 1993). The Herbst was designed
to be a fixed or removable appliance, for the purpose ofrepositioning the
mandible forward to stimulate condylar growth. The Herbst appliance acts by use
ofupper and lower splints that are joined by pin and tube apparatuses that dictates
mandibular position (Figure 4). Crown coverage is required for use of the Herbst.
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Figure 4. Acrylic splint Herbst appliance: A, lateral aspect; B, frontal aspect
With the Herbst appliance, the condyle is displaced anteriorly at all times.
The amount of force against the teeth is under the patient’s control (Proffit, 1993).
Patients that relax their musculature and allow their mandible to be positioned
anteriorly receive a greater extent of skeletal verse dental change. Patients that
resist this repositioning have resulted in a greater extent of teeth displacement due
to the reactive forces of the musculature. This effect is entirely reliant on the
patient, so cooperation or compliance is still needed.
Pancherz and Hagg (1985) in a study that composed of seventy
consecutive Class II malocclusions treated with the Herbst appliance, attempted to
relate mandibular treatment to somatic maturation. Patients retained Herbst
therapy for an average seven months, and were related to the peak height velocity.
Experimental patients were divided into three growth-period groups: prepeak,
peak, and postpeak. Mandibular condylar growth, as well as molar and incisor
tooth position were evaluated and related to all three growth subgroups.
Sagital condylar growth was most pronounced in the peak period, molar
mesialization was equally large in all growth periods, and mandibular incisor flare
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was most noticeable in the postpeak period. Pancherz et al. (1985; 1987) suggests
that Herbst therapy be utilized as close to peak height velocity as possible for
increase in condylar growth. Post-Herbst treatment changes were not evaluated in
this study; therefore retention efficacy requires further investigation.
Frankel Appliance
The Frankel appliance, unlike the Herbst is a tissue-borne functional
appliance. The Frankel is designed to not only alter mandibular growth, but also
contour the facial soft tissue. This appliance rests predominantly on soft tissue, in
the-buccal vestibule, thus reducing soft tissue pressure on the dentition.
Mandibular repositioning, as with the Herbst appliance tends to accelerate growth
at the condyles, helping in our Class II malocclusion correction (1969).
Jasper Jumper
The Jasper Jumper (1995) is a push-type fixed intermaxillary appliance
delivering a spring induced force which was designed to allow a greater range of
lateral movement for patient comfort. The force delivered by the Jasper Jumper
utilizes facial musculature to deliver a force through a flexible spring module to
the dentition. This appliance requires debonding ofpremolar brackets upon
appliance insertion. If the treating clinician does not wish to do so, an additional
auxiliary wire must be incorporated for appliance attachment. Similar results to
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Extraction and Surgery
If growth is no longer available, or the amount of correction is too great
for orthopedic appliances, extraction and orthognathic surgery remain options for
treatment.
Extraction patterns for Class II malocclusion correction are four premolar
extractions or two maxillary premolar extractions. Depending on the etiology of
the malocclusion, each extraction pattern has its own advantages and
disadvantages. Extractions to camouflage underlying skeletal discrepancies
should be avoided if an unaesthetic result will occur.
When the malocclusion is severe enough where orthodontics alone cannot
correct the deformity, orthognathic surgery in combination with orthodontics is
generally the best option. Surgery is advantageous as it eliminates skeletal
deformities instead of camouflaging them by dental compensation.
Timing of Treatment
Timing oftreatment is critical when orthopedic change is desired. Growth
modifications are best performed during adolescence just prior to puberty (Proffit, 1993;
Baccetti et al., 2000). The idea for growth modifications is to eliminate or improve on
the skeletal discrepancy thus leaving only minor dental corrections for the second phase
of treatment. Proffit (1993) states for significant skeletal problems, growth modification
15
must begin during the mixed dentition due to insufficient growth remaining once in
permanent dentition.
As seen in many previous studies, stimulation to the condyle and glenoid fossa by
disocclusion results in an increase in condylar length. 7’ 19, 20,27,34,36,& 37-40 Numerous studies
have indicated the relationship ofmandibular growth to statural height and peak growth
velocity.3, 4, 8,11, 12, & 13 As seen with previous studies, the greatest effects of functional
appliance therapy take place when peak mandibular growth is included in the treatment
period. 2’ 20, 21, 24, & 29
Malmgren et al. in 1987 performed a study relating the effects oftreatment to the
somatic maturation of their patients. Patients were divided into three groups" prepeak,
peak, and post peak, as related to their maximal pubertal growth. Results stated boys
treated during peak growth period achieved significantly greater skeletal effects as
compared to treatment in prepeak period. Girls also exhibited similar results to a lesser
extent. This study stressed the need for treatment at or near peak growth for optimal
growth modification.
Bremen and Pancherz (2002) performed a study aimed at assessing the efficiency
of early verse late treatment in Class II Division I patients. Efficiency was defined as
shorter treatment with better results and was scored based on the Peer Assessment Rating
(PAR) index. 204 Class II Division I patients were divided into early mixed, late mixed,
and permanent dentition. Patients were also evaluated for efficiency in fixed compared to
functional appliance therapy. Results stated that duration of treatment was reduced as
patients were later in dental development. Fixed Herbst appliance treatment also resulted
in shorter treatment duration compared to removable appliance therapy. Thus, the results
16
concluded that Class II Division I treatment is more efficient in fixed permanent
dentition.
TMJ
Temporomandibular joint dysfunction remains controversial as far as a specific
etiology and a specific treatment remedy. TMD can be divided into two categories;
Patients with internal temporomandibular joint pathology, including displacement or
destruction of the intra-articular disk, and patients with myofacial dysfunction, including
clenching and grinding leading to muscle fatigue and spasm. Patients with preexisting
malocclusions are no more prevalent to TMD as compared to the general population
(Proffit, 1990). Patients seeking orthodontic treatment to correct a preexisting TMD
dysfunction should be carefully diagnosed so proper treatment could be rendered. Peak
prevalence ofTMD symptoms occurs in the early thirties, with a large decline there after
(Rugh et al., 1985).
Many people believe bite jumping and functional appliance use can be an
etiologic factor for temporomandibular disorders. Pancherz and Ruf (2000) performed a
prospective longitudinal study on sixty two consecutively treated Class II Herbst
appliance patients. Patients were evaluated with magnetic resonance imaging before,
after, and one year post Herbst appliance therapy. All patients resulted in either a Class I,
or an over corrected Class I relationship with an average treatment duration of 7.2
months. Results stated that bite-jumping with the Herbst appliance did not result in any
muscular TMD, nor did any induction of disc displacement occur. Patients with a pre-
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existing partial disc displacement resulted in an improved and stable disc position. On
the other hand, patients that had pre-existing total disc displacement with or without
reduction did not result in a recapturing of the disc, however, treatment did not
exacerbate the pre-existing condition. Therefore, TMD should not be a contraindication
for functional appliance therapy.
Long-term effects of the Herbst appliance on the TMJ were evaluated in 1998 by
Ruf and Pancherz. Twenty patients were evaluated four years post orthodontic treatment.
Treatment consisted of Herbst therapy for a period ofthree months. Patients were
evaluated by questionnaire, manual functional analysis, and magnetic resonance imaging
ofboth left and fight temporomandibular joints. Results stated, upon anamnestic
questionnaire and clinical analysis, patient symptoms ofTMJ disorder were within the
range ofnormal when compared to an asymptomatic control. Evaluation with MRI
revealed a greater incidence of condylar displacement and/or sub clinical soft tissue
lesions; however, no increase in incidence ofTMJ symptoms when comparing pre and
post treatment therapy was seen. In conclusion, Herbst appliance therapy does not have
an adverse long-term effect on the temporomandibular joint.
In a 1999 longitudinal study performed by Ruf and Pancherz, the
temporomandibular joint was analyzed for remodeling as a result ofHerbst appliance
treatment for prepeak and post pubertal growth patients. Both left and right TMJ joints
were evaluated by both magnetic resonance imaging and lateral cephalometric
radiographs. Twenty-five adolescent and fourteen young adult Class II malocclusion
patients were treated with the Herbst appliance for a period of six to twelve weeks. The
results of this study stated that after six to twelve weeks ofHerbst treatment, condylar
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remodeling was seen at the posterosuperior border in forty eight ofthe fifty prepeak
patients and in twenty-six of the twenty-eight post pubertal patients. These results were
also consistent to a lesser extent for glenoid fossa remodeling. Remodeling ofthe
mandibular ramus was evident on one adolescent and two young adult patients. In
summary, the increase in mandibular prognathism accomplished by Herbst appliance
therapy appears to be the result of condylar and glenoid fossa remodeling.
Hyoothesis
Patients treated closer to peak growth, CVMS II, will not only exhibit greater
skeletal and dentoalveolar change, but will also exhibit a higher degree of stability.
Patients treated will exhibit a statistically significant increase in mandibular
length when compared to the untreated controls.
Patients treated will exhibit greater posterior and inferior movement ofthe
maxillary denture base when compared to the untreated controls.
Patients treated will exhibit greater anterior and inferior movement of the
mandibular denture base when compared to the untreated controls.
Patients treated will exhibit a statistically significant increase in mandibular
incisor proclination when compared to the untreated controls.
Patients treated will exhibit a greater decrease in skeletal convexity, (N-A-Pg)
when compared to the untreated controls.
Patients treated will exhibit a greater decrease in A-B(OP) when compared to the
untreated controls.
Patients treated will exhibit a greater decrease in overjet when compared to the
untreated controls.
Patients treated will exhibit a greater decrease molar classification when
compared to the untreated controls.
Patients treated will exhibit a greater increase in the functional occlusal plane
when compared to the untreated controls.
19
Specifi,C Aims/Objectives
1. To quantitatively assess the skeletal and dentoalveolar changes associated
with a push-type fixed intermaxillary appliance, the Twin Force Bite
Corrector , and match the results to skeletally age-matched controls from the
Denver Growth Study.
2. To analyze the stability of the Class II correction from a push-type fixed
intermaxillary appliance, six months post-treatment.
3. To analyze the results of appliance wear, and compare it to the skeletal,
dental, and occlusal plane changes.
20
Materials and Methods
Sample
Twenty young adult patients, twelve male and eight female were selected
for comprehensive orthodontic treatment in conjunction with the TFBC appliance
and evaluated an average of 7.4 months post-appliance therapy for a stability
analysis. Average chronological age was 13.8 for the males and 13.3 for the
females. Upon appliance insertion, three patients represented CVMS I, eleven
patients represented CVMS II, and six patients CVMS III. Orthodontic records
were taken at three intervals; (initial T1 (pre-appliance), appliance removal T2
(average-3.2 months), and final T3 (average-7.4 months post-appliance) (Table
1A), and consisted of a lateral cephalogram, orthodontic study models, and intra
and extra oral photographs. All radiographs were taken at the University of
Connecticut Health Center Oral and Maxillofacial Radiology clinic.
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Table 1" Patient Demographics and Time of Evaluation
Study Patients
T2-T1 T3-T2 T3-T1
Patient Gender CVMS (months) (months) (months)
1 M III 3.4 10 13.4
2 F III 4.2 6.6 10.8
3 F III 3 6.3 9.3
4 F III 3.1 6.2 9.3
5 M II 4.3 6.9 11.2
6 M II 2.4 5.3 7.7
7 F II 3.2 10.9 14.1
8 M II 4.3 6.1 10.4
9 M II 2.8 5.9 8.7
10 M II 3.2 6.1 9.3
11 M II 3.2 5.9 9.1
12 F II 2 6 8
13 M II 3.3 9.4 12.7
14 M 2.6 11.6 14.2
15 F II 3.3 8.8 12.1
16 F III 2.6 8.7 11.3
17 M 2.7 6.1 8.8
18 F II 4.2 8.8 13
19 M III 3 6.6 9.6
20 M 2.8 5.8 8.6
Table 1A. Demographics and Time of Evaluation for Experimental Patients
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Control Patients
T2-T1
Patient Gender CVMS (months)
1 F II 5.9
2 M 14.1
3 M II 10.8
4 F III 14
5 M II 12.1
6 M III 12.2
7 M II 11.7
8 M II 10.9
9 F II 11.4
10 F III 11.9
11 F II 11.6
12 F II 9.6
13 M II 13.1
14 M II 12.8
15 M II 12.3
16 M 12.3
17 F III 12
18 F III 13
19 M II 11.1
20 M 13.1
Table lB. Demographics and Time of Evaluation for Control Patients
Sample Selection
Chronological Age
Patients were selected based on their chronological age. Male
subjects ranged from 12.5 16.4 and females ranged from 12.8
14.1 (Table 2). Once selected, patients were evaluated based on
somatic maturation stage stated in O’Reilly and Yanniello using
initial lateral cephalometric radiographs and were compared to
skeletally age matched controls from the Denver Growth Study.
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Table 2" T1 Chronolo_ical Ages
Subject Gender Age Age
1 M 16.4
2 F 14.1
3 F 13.1
4 F 13.3
5 M 13.6
6 M 12.8
7 F 12.8
8 M 13.8
9 M 13.8
10 M 12.5
11 M 13.4
12 F 13.3
13 M 14.8
14 F 13.4
15 M 13.2
16 F 12.9
17 M 14.3
18 F 13.7
19 M 14.3
20 M 12.7
MEAN 13.8 13.325
SD 1.075343 0.423421
Table 2. Chronological Ages of Experimental Patients
Malocclusion
1. Patients selected depicted an Angle Classification II Division I
with a minimum end-on molar relationship and a maximum
full-cusp molar relationship post alignment and leveling.
2. Overjet of at least 4.00 mm post alignment and leveling.
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3. Dental development required full permanent dentition, first
molar to first molar, in both maxillary and mandibular dental
arches.
4. No patients exhibited any congenitally missing teeth, excluding
third molars.
5. No patients exhibited excessive proclination ofmandibular
anterior teeth.
6. No significant dental asymmetries were present.
Skeletal
Patients were selected based on an Angle Classification II
malocclusion due to a retrognathic mandible. Patients with any
significant asymmetries or pathology to the temporomandibular
joint were excluded. Patients with characteristics of an open bite
tendency or backward rotator defined by Bjork were excluded
from the study.3
Records
Subjects must have good quality cephalograms, depicting the cervical spine area
inferiorly to at least the entire sagital dimension of the fourth vertebrae. Models and
photographs must be of optimum diagnostic quality.
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* No patients within the study have received any type of functional
appliance or growth modification prior to orthodontic treatment.
Control Group
All study patients were compared to skeletally aged matched untreated patients
from the Denver Growth Study, which will act as the control. The control group
consisted oftwenty untreated adolescent subjects that were followed from the 1930’s to
the 1950’s. Lateral cephalometric radiographs were taken at an average of 11.8 month
intervals. The control group consisted of Class I and Class II patients. Class I skeletal
pattems have been shown by Bishara46 to exhibit similar growth pattems when compared
to Class II subjects. The control group consisted of three male CVMS I, eight male and
four female CVMS II, and one male and four female CVMS III subjects at T1 of the
experimental group (Tables 1B). No orthodontic treatment was received by the control
patients.
AD;liance Design and Parameters of Thera;}y
Prior to initial comprehensive orthodontic treatment, patients and parents were
informed on all options of orthodontic treatment. Patients interested in treatment within
the study underwent an "appliance familiarization session" in which the appliance was
depicted on a dentoform model. Patients began treatment by simple alignment in a
0.022" slot with Nanda prescriptions. A -6 o torque bracket was utilized on the
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mandibular anterior teeth, (lateral incisor to lateral incisor), for the purpose to resist
incisor proclination. All patients received a transpalatal arch prior to appliance insertion.
Alignment and leveling was performed initially with nickel titanium wires until both
arches were stabilized with maxillary 0.019"x 0.025" and mandibular 0.02 l"x 0.025"
stainless steel. The use ofheavy steel arch wires was critical to avoid deflection in the
wire once the TFBC was inserted. Both the maxillary and mandibular arches were
cinched distal to the first molars to prevent space opening, possible flaring, and allow
both the maxillary and mandibular arches to move as a complete dental unit. At this
time, T1 records were taken and consisted of a lateral cephalogram, study models, and
intra and extra oral photographs. The TFBC, along with a passive Transpalatal arch was
then inserted, producing an estimated 210 grams of force per side, or full activation. All
appliances were attached 4.0 mm anterior to the maxillary first molars and distal to the
mandibular canine with a hex-nut. Patients upon full activation ofthe TFBC had
approximately 4.0 mm of a protrusive occlusion with the mandible postured to an edge-
to-edge occlusion.
The appliance was removed from the mandibular attachments on both sides by
loosening the hex nuts at each monthly visit for at least thirty minutes to allow for muscle
relaxation. Patients were then guided into a reproducible centric relation for an
evaluation of occlusion. Treatment was continued until an edge-to-edge or a super Class
I molar occlusion was obtained with an average duration oftreatment of 3.2 months, with
a range of 2.0 to 4.3 months for the experimental group. The TFBC was then removed
along with the transpalatal arch, and an additional set of records, T2, were taken. The
patients remained in a 0.019"x 0.025" stainless steel maxillary arch and a new 0.017"x
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Cephalometric Analysis
The pre-treatment (T1), post-treatment (T2), and stability analysis (T3)
cephalograms were hand traced side-by-side on matte acetate paper by one investigator
and verified by a second investigator. Any disagreements were resolved by retracing the
area in question to the satisfaction ofboth investigators.
Landmark Identification
Twenty-four cephalometric landmarks (Appendix A & E) were identified on the
T1, T2, and T3 radiographs of each patient. These landmarks were comprised of 9
skeletal, 8 dental, and 7 soft tissue points known to elucidate craniofacial, maxillo-
mandibular, and dental relationships in various orthodontic analyses.
Suoerimpositions
Cranial base, maxillary, and mandibular superimpositions were done by hand to
the agreement oftwo investigators.
A minimum of three points within the anterior cranial base, reproducible on T1,
T2, and T3 cephalograms, were necessary to achieve an accurate cranial base
superimposition. Maxillary superimpositions were obtained via a "best-fit"
approximation with superimposition of the anterior bony palate and internal maxillary
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structures ofprimary importance. Mandibular superimpositions were obtained via
superimposition on the posterior symphyseal cortical plate and inferior border primarily
and the mandibular canal and third molar bud secondarily.
Measurement Protocol
After identifying the landmarks in Appendix A and E, the 19 linear and angular
skeletal, dental, and soft tissue measurements of Appendix B and Appendices F-I were
made by hand using a protractor calibrated to the 1/2 and Boley gauge calibrated to the
0.1 mm. Appendix B defines each of the 20 values and the method by which they were
obtained. The method of drawing/finding the functional occlusal plane (FOP) differed
between the control and the study groups. A line bisecting the long axes of the maxillary
first and second premolars was used as a perpendicular guide to establish the OP of the
controls. Due to the study group having appliances at the time ofpre- and post-appliance
records, a line through the second premolar to canine brackets established the study group
occlusal plane. This line, in turn, was verified via the aforementioned control group
method.
In calculating T3-T1 changes, two general methods were utilized. Firstly, the
independent cephalometric measurements listed in Appendix B were made on the
respective (T2, T1) cephalograms and the T1 measure would then be subtracted from the
T2 measure. All other measurements ofchange (Appendix C & D) were calculated
utilizing either cranial base, maxillary, or mandibular superimpositions. As elucidated in
Appendix C & D, anterior-posterior and vertical skeletal changes were measured along a
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superimposed SN-7 "x" axis and its superimposed perpendicular "y" axis.
Horizontally, anterior and inferior was deemed positive. This method is depicted in
Appendix J & K. As in Appendix J, line SN7 was drawn at 7 less than line SN on the
T1 cephalogram. This horizontal reference axis for the pair was then superimposed on
graph paper to facilitate horizontal and vertical change measurements such as A Point Ax
and Ay (Appendix K). All variables listed in Appendix C were obtained similar to this.
Dental changes were obtained via the jaw superimpositions (Appendix L & M).
Upon either superimposition, the T1 functional occlusal plane (FOP) served as the
horizontal "x" axis and its perpendicular served as the vertical "y" axis. Likewise,
anterior and inferior changes were positive values.
Data Normalization
Control group measurements were normalized for time and size to those ofthe
experimemal group (Appendix N). The normalization for time was necessary because of
the longer T2-T1 time period in the controls, mean of 11.8 months versus study group
mean of 3.2 months. Thus, the normalization factor by which all control group
measurements for T2-T1 were normalized by 0.27 (3.18/11.795). Normalization for T3-
T1 was derived from (10.58/11.795) which resulted in 0.9, which all control group
measurements were normalized by. The normalization for size was necessary due to a
slight discrepancy in magnifications of the cephalostat used in the Denver Growth Study
versus the machine used at the University of Connecticut. This normalization factor was
derived through measurement of S-N at T1 of all control and study subjects. The average
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of the study group was 76.04 mm and that of the control group was 69.325 mm.
Therefore, to normalize linear measurement data of the controls to those of the study
group, a factor of 1.097 (76.04/69.325) was utilized. Appendix O1-7 depicts all initial
control measurements obtained after normalization for both time and size. Appendices Q-
S depicts control changes for T1-T2, T2-T3, and T1-T3 respectively.
Statistical Analysis
Descriptive statistics for initial comparisons,T1-T2, T2-T3, and T1-T3 are
depicted in Tables 3-6 and are compared to skeletally aged matched controls from the
Denver Growth Study. A list of all measurements obtained is in Appendix B, where only
specific measurements were evaluated for statistical significance using a standard t test.
Means and standard deviations were calculated for initial (T1) forms. Means and
standard deviations were also calculated and ranges provided for all changes in the
measurements listed in Appendix B-D from T1 to T3. An independent-samples t-test was
used to determine significance of differences in initial forms and time period changes, at
levels ofp<0.05, p<0.01, and p<0.001. The error of this method has been investigated
previously by McNamara and colleagues (1990).
Results
Table 3 depicts Initial comparisons between the experimental and control group.
Table 4 depicts Experimental (T1-T2) changes.
Table 5 depicts Experimental (T2-T3) changes.
Table 6 depicts Experimental (T1-T3) changes.
Table 7 depicts Experimental CVMS II vs. CVMS I &III changes for (T1-T3).
Initial means for the experimental group and skeletally age matched controls from the
Denver Growth Study are depicted in Table 1. Measurements for T1-T2, T2-T3, and T1-
T3 are in Tables 4, 5, and 6 respectively. Patients were further subdivided into two
groups based on skeletal maturation. The two groups consist ofpatients categorized as
CVMS II compared to CVMS I & III, and are displayed in Table 7.
Initial Comparisons (Table 3)
Minimal differences between the two groups were observed. The observed
differences are consistent with the fact that the experimental group displayed a Class II
Division I relationship, as compared to the controls which represent Class I and Class II
skeletal patterns.
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Table 3- Initial Form (T1) Comparison
Study
Mean SD
Maxillary Skeletal
ANS-PNS,absolute (mm)
PP-SN7 (deg)
Control
Maxillary Dental
Mxl-SN7 (deg)
Mean
56.8 3.75 58.2
0.4 2.96 -1.2
Mandibular Skeletal
Ar-Pg,absolute (mm)
MP-SN7 (deg)
113.1 6.51
Mandibular Dental
Mnl-APg (mm)
Mnl-MP (deg)
110.6
24.9
7.01
7.43
2
95.7
1.43
4.87
102.8
114.5
26.1
1.4
95.9
General Skeletal
N-ANS y (mm) 54.6 3.83 58.5
ANS-Me y (mm) 67.3 5.74 68.6
LFH(100)/TFH (%) 55.2 1.74 53.9
N-A-Pg (deg) 10.9 4.89 4.5
A-B(OP) (mm) 4.9 2.49 0.2
General Dental
OJ (ram) 6 1.88 4.1
Molar (mm) 3.2 1.2 0.4
OP-SN7 (deg) 9.5 9.53 11.4
Inter-Inc (deg) 125.3 7.34 134.6
Soft Tissue
Inc-Stm (mm) 3.9 1.86 4.4
UL-SnPg (mm) 5.3 1.83 3.6
LL-SnPg (mm) 4.1 1.22 1.6
NL (deg) 125 9.4 114.2
Control measuremems are normalized for size
*** P<0.001
** P<0.01
* P<0.05
SD
3.96
2.22
7.48
6.04
4.69
2.71
8.71
3.76
5.29
1.78
4.26
2.85
1.33
0.95
4.13
12.95
2.38
3.55
2.88
12.26
Significance
NS
NS
NS
NS
NS
NS
NS
NS
Table 3. Initial Form (T1) Comparisons
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Dental Findings
Molars
Molar classification displayed a significant difference between the two groups
with the experimental group displaying a molar discrepancy of 3.2 mm and 0.4 mm for
the controls.
Incisors
Experimental patients displayed a statistical significant amount of incisor
proclination (Mx1-SN7) prior to treatment when compared to the untreated controls. No
significant difference between the study and control group was seen in mandibular incisor
proclination and protrusion (Mnl-APg and IMPA). An interincisal angle of 125.3 for
the experimental group and 134.6 for the control group was also statistically
significance.
Overjet
Prior to treatment, 6.0 mm compared to 4.1 mm of overjet was seen for the
experimental and control groups, respectively.
Dentoalveolar Findings
Occlusal Plane
No statistical significance difference was seen in the occlusal plane relationship
(OP-SN7) between the two groups.
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Skeletal Findings
Skeletal Convexi.
Skeletal convexity (N-A-Pg) showed a statistical difference between the two
groups, with the experimental group displaying a mean of 10.9 compared to 4.5 for the
control group. A-B(OP) also displayed a significant difference between the two groups
with 4.9 mm for the experimental group and 0.2 mm for the control group.
Maxilla and Mandible
Initial maxillary skeletal measurements (ANS-PNS and PP-SN7) and mandibular
skeletal measurements (Ar-Pg) revealed no statistical significant differences between the
experimental group and the control group.
Mandibular Length
No significant difference between the study and control groups was seen for
initial mandibular length. (Ar-Pg)
Vertical Dimension
The control group displayed a larger initial mean mid-facial height (N-ANS)
compared to the experimental group. No significant difference was seen in lower facial
height (ANS-Me) between the experimental and control groups, with lower facial height
to total facial height displaying a small discrepancy.
Soft Tissue
No significant difference was seen for both maxillary incisor display (Inc-Stm)
and maxillary lip protrusion (UL-SnPg) between the two groups. The experimental
group displayed greater lower lip protrusion (LL-SnPg) (4.1 mm vs. 1.6 mm) along with
a more obtuse nasolabial angle (125 vs. 114) when compared to the control group.
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Analysis of Treatment Effects (T1-T2) (Table 4)
T1-T2 represents the time period from appliance insertion until appliance
removal. Mean TFBC appliance duration was 3.2 months. Untreated control
measurements were normalized for size and time for comparison. All twenty
experimental subjects displayed an improvement in overall Class II relationship, with a
reduction in overjet, skeletal convexity, and molar discrepancy.
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Table 4: Experimental T1-T2 TFBC Chanles
Study
Mean SD
Maxillary Skeletal
ANS-PNS,absolute (mm) 0.4 1.25
PP-SN7 (deg) 0.5 0.57
A Point x (mm) -0.5 0.7
A Point y (mm) 1.7 1.45
ANS x (mm) 0 0.97
ANS y (mm) 0.4 0.47
Maxillary Dental
Mxl-SN7 (deg) -7.4 3.45
Mxl crown x (mm) -1.8 0.92
Mxl crown y (mm) 1 0.46
Mxl root x (mm) 0.6 0.71
Mxl root y (mm) 0 0.71
Mx 6 crown x (mm) -0.8 0.74
Mx 6 crown y (mm) -1.1 0.5
Mx 6 MBroot x (mm) -0.3 0.86
Mx 6 MBroot y (mm) -1.1 0.53
Mandibular Skeletal
Ar-Pg,absolute (mm) 2.1 1.43
MP-SN7 (deg) -0.2 1.29
Pg x (mm) 0.2
Me y (mm) 1.6 1.09
B pt x (mm) 0.2 0.97
B pt y (mm) 2.6 2.09
Mandibular Dental
Mnl-APg (mm) 2.7 0.79
IMPA (deg) 7.7 3.06
Mn crown x (mm) 2.4 1.06
Mn crown y (mm) 2.5 1.21
Mn root x (mm) 0 0.81
Mn root y (mm) 1.2 0.7
Mn 6 crown x (mm) 1.9 0.97
Mn 6 crown y (mm) -1.2 1.01
Mn 6 root x (mm) 0.7 1.15
Mn 6 root y (mm) -1.4 0.96
General Skeletal
N-ANS y (mm) 0.5 0.59
ANS-Me y (mm) 1.2 1.45
LFH(100)/TFH (%) 0.2 0.53
N-A-Pg (deg) -1.7 1.75
A-B(OP) (mm) -5 1.45
Control
Mean
0.1
0.1
0.1
0.4
0.1
0.2
0.1
0.1
0.1
0.1
0.1
0.2
0.2
0.2
0.2
0.7
0
0.2
0.7
0.1
0.5
0
0
0
-0.1
0
-0.1
0.2
-0.1
0.2
-0.1
0.2
0.4
0.2
-0.3
0
SD
0.38
0.23
0.14
0.32
0.19
0.25
0.54
0.13
0.11
0.12
0.13
0.3
0.2
0.2
0.22
0.45
0.19
0.2
0.56
0.16
0.55
0.16
0.7
0.1
0.23
0.18
0.19
0.2
0.23
0.3
0.21
0.52
0.38
0.62
0.41
0.5
Significance
NS
,
**
NS
NS
**
NS
NS
NS
**
NS
NS
NS
NS
**
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General Dental
OJ (ram) -5.6 1.69
Molar (ram) -3.9 1.18
OP-$N7 (deg) 4.8 2.0
Inter-Inc (deg) 3.82
-0.1
0
-0.1
0.2
0.09
0.12
0.61
0.92
Soft Tissue
Inc-Stm (mm) 0.4 1.11
UL-SnPg (mm) -0.7 1.42
LL-SnPg (mm) 0.8 1.75
NL (deg) 2.1 3.06
0.1
0.1
0.2
0.1
0.33
0.53
0.51
1.9
NS
Control measurements are normalized for size and
time
*** P<O.O01
** P<O.O1
* P<O.05
Table 4. Experimental T1-T2 TFBC Changes
Dental Findings
Molars
0.8 mm and 0.3 mm ofposterior movement was noted for the molar crown and
root respectively. Mean intrusive movement of 1.0 mm was seen for maxillary molars at
the crown and roots compared to 0.2 mm for the controls.
Mandibular first molars demonstrated a mean mesial crown movement of 1.9 mm
and mesial root movement of 0.7 mm. Results for horizontal molar change in the control
group were minimal. Vertical movement of-l.2 mm and-1.4 mm for the crown and root
respectively was seen in the experimental group.
Incisors
All maxillary dental changes for the study group displayed statistical significance
when compared to the controls with the exception of vertical root change for the
maxillary incisors. Incisor inclination (Mx1-SN7) decreased a mean 7.4 for the study
49
group compared to an increase of O. 1 mm for the controls. Posterior crown movement
was noted for the maxillary incisors within the experimental group. Movement for the
maxillary incisors was uncontrolled tipping in nature with 1.8 mm ofposterior crown
movement and 0.6 mm of anterior root movement.
All mandibular incisor dental changes for the study group displayed statistical
significance when compared to the controls with the exception ofhorizontal root change.
Excessive incisor proclination and protrusion within the study group resulted with a mean
change for Mnl-APg and IMPA of 2.7 and 7.7 respectively. The study group resulted
in incisor vertical change of 2.5 mm and 1.2 mm for the crown and roots respectively.
Interincisal angle did not display a significant change between the two groups.
Overiet
Overjet and molar relationship displayed statistically significant changes when
comparing the study group to the control group. Overjet reduction mean was 5.6 mm and
O. 1 mm for the study and control group respectively. Molar discrepancy was reduced by
3.9 mm for the study group and 0 mm for the control group.
Dentoalveolar Findings
Occlusal Plane
The occlusal plane demonstrated a clockwise change of 4.8 for the study group
and decrease -0.1 for the control group.
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Skeletal Findings
Skeletal Convexi.ty
From T1-T2, control patients demonstrated a decrease in skeletal convexity of
0.3, where as study patients reduced their skeletal convexity by 1.7. A-B(OP) reduced
5.0 mm in the study group compared to 0 mm in the control group.
Maxilla and mandible
A significant amount of horizontal and vertical change for A point was seen in the
experimental group. A point moved 0.5 mm posterior compared to an anterior change of
0.1 mm for the controls. Vertical T1-T2 results displayed an inferior movement of 1.7
mm in the experimental group and 0.4 mm in the control group. No significant change in
the size of the maxilla (ANS-PNS) was seen for the two groups, as well as no change in
the position ofANS. A 0.5 clockwise rotation in palatal plane was noted in the
experimental group compared to O. 1 for the control group. B point did not display any
change in horizontal movement, but did move 2.6 mm inferiorly within the study group
compared to 0.5 mm for the control group.
Mandibular Lenath
Mandibular length (Ar-Pg) increased 2.1 mm in the study group compared to 0.7
mm for the control group. No significant change was noted in Pg point.
Vertical Dimension
No significant change was noted in mandibular plane angle between the two
groups although menton did move inferiorly in the study group 1.6 mm compared to 0.7
mm for the controls. The mean lower facial height (ANS-Me) in the experimental group
increased 1.2 mm compared to 0.4 mm for the control group. Despite this statistically
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significant increase, no significant change in lower facial height to total facial height was
noted.
Soft Tissue
Maxillary lip protrusion (UL-Sn-Pg) was noted with significance between the two
groups with-0.7 mm and 0.1 mm of change for the study and control groups respectively.
Increase in nasolabial angle of 2.1 and 0.1 for the experimental and control group
respectively was noted. No significant change was noted for neither incisor display (Inc-
Stm) nor mandibular lip protrusion (LL-Sn-Pg).
Analysis of Treatment Effects (T2-T3) (Table 5)
T2-T3 represents the time period from appliance removal to final records taken
with a mean duration of 7.4 months.
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Table 5: Experimental T2-T3 TFBC Changes
Study
Mean SD
Maxillary Skeletal
ANS-PNS,absolute (mm) -0.1 1.66
PP-SN7 (deg) -0.6 1.89
A Point x (ram) 0.1 0.95
A Point y (mm) -0.2 1.71
ANS x (mm) 0.1 1.33
ANS y (mm) 0.6 0.79
Maxillary Dental
Mxl-SN7 (deg) 4.9
Mxl crown x (mm)
Mxl crown y (mm) 0.3
Mxl root x (mm) -0.6
Mxl root y (ram)
Mx 6 crown x (mm) 0
Mx 6 crown y (mm) 0.1
Mx 6 MBroot x (mm) -0.1
Mx 6 MBroot y (mm) 0.1
3.59
0.91
1.18
1.23
0.81
0.12
0.49
0.39
0.44
Mandibular Skeletal
Ar-Pg,absolute (mm) 0.3 1.83
MP-SN7 (deg) 1.9 2.18
Pg x (mm) 1.1 1.37
Me y (mm) 0.9 1.37
B pt x (mm) 1.25
B pt y (mm) -0.7 2.4
Mandibular Dental
Mnl-APg (mm) -1.3 1.13
IMPA (deg) -4.1 3.66
Mn crown x (mm) -0.2 1.62
Mn crown y (mm) -0.1 1.48
Mn root x (mm) 0.2 1.66
Mn root y (mm) 0.6 1.26
Mn 6 crown x (mm) 0.2 1.74
Mn 6 crown y (mm) 2.1 1.84
Mn 6 root x (mm) 0.9 1.91
Mn 6 root y (mm) 2.8 1.6
General Skeletal
N-ANS y (mm) 0.6 0.82
ANS-Me y (mm) -0.2 2.14
LFH(100)/TFH (%) -0.4 0.97
N-A-Pg (deg) -2.1 1.59
A-B(OP) (ram) 1.5 1.59
Control
Mean
0.3
0.2
0.2
0.8
0.3
0.5
0.2
0.3
0.2
0.2
0.3
0.6
0.5
0.4
0.5
1.8
0
0.5
1.5
0.2
1.3
-0.1
0
0.1
-0.2
0.1
-0.2
0.5
-0.3
0.4
-0.3
0.5
0.2
-0.6
-0.1
SD
0.87
0.52
0.29
0.76
0.44
0.58
1.25
0.3
0.27
0.31
0.35
0.71
0.48
0.47
0.52
1.22
0.41
0.48
1.31
0.38
1.29
0.35
1.62
0.22
0.54
0.42
0.45
0.46
0.52
0.7
0.51
1.23
0.91
0.43
0.96
1.19
Significance
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
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General Dental
OJ (mm) 2.5 1.25
Molar (mm) 1.2 1.39
OP-SN7 (deg) -2.2 2.23
Inter-Inc (deg) -2.2 5.65
-0.1
0
-0.2
0.4
0.2
0.29
1.43
2.16
Soft Tissue
Inc-Stm (mm) -0.7 1.27
UL-SnPg (mm) -0.2 1.43
LL-SnPg (mm) -0.9 1.78
NL (deg) -5.2 8.7
0.1
0
0.3
0.4
0.79
1.37
1.27
4.6
Control measurements are normalized for size and time
*** P<0.001
** P<0.01
* P<0.05
Table 5. Experimental T2-T3 TFBC Changes
Dental Findinas
Molars
Both horizontal and vertical T2-T3 changes seen for maxillary molars displayed
significant differences between the study and control groups. Horizontal change for
maxillary molar crowns showed no change for the study patients and 0.6 mm of anterior
movement for the control group. Horizontal root change resulted in 0.1 mm ofposterior
movement for the study group and 0.4 mm of anterior movement for the controls.
Vertical crown and root change resulted in 0.1 mm and 0.5 mm of inferior movement for
study and control group respectively.
Superior movement in mandibular molars from T1-T2 relapsed from T2-T3.
Mean vertical change for molar crown and roots were 2.1 mm and 2.8 mm for the study
group. This displayed significance when compared to the control group.
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Incisors
Significant change was noted for all maxillary dental measurements with the
exception of vertical movement ofthe maxillary incisors. The maxillary incisors
proclined 4.9 from T2-T3 within the experimental group. Uncontrolled tipping seen in
incisors with TFBC treatment (T1-T2) within the experimental group showed significant
relapse. Mean anterior horizontal change of 1.0 mm and posterior 0.6 mm for the crown
and root respectively during T2-T3 was noted.
Significant changes occurred in both mandibular incisor inclination and
protrusion. Mean T2-T3 changes for Mnl-APg for the study and control groups were
1.3 mm and -0.1 mm respectively. Mean IMPA results were -4.1 and 0 for the
experimental and control group respectively. No significant horizontal and vertical
change was noted for incisors based on functional occlusal plane. No significant change
was noted in interincisal angle from T2-T3.
Overjet
Overjet and molar discrepancy displayed significant change from T2-T3 for the
two groups. Overjet increased 2.5 mm for the study patients. T2-T3 overjet change
occurred due to both maxillary and mandibular incisor change once the TFBC was
removed. Molar discrepancy increased 1.2 mm for the experimental patients and 0 mm
for the control group.
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Dentoalveolar Findings
Occlusal Plane
Occlusal plane cant displayed significant relapse upon appliance removal. T2-T3
means were -2.2 and -0.2 for study and control patients respectively.
,_S,keletal Findings
Skeletal Convexity
Reduction in skeletal convexity showed a mean decrease of-2.1 and -0.6 for the
experimental and control group respectively. A-B(OP) results also showed statistical
change between the two groups with the study group resulting in a mean 1.5 mm change
and the control group -0.1 mm from T2-T3.
Maxilla and Mandible
No maxillary significant changes were seen except vertical movement at A point.
In the experimental group, A point moved 0.2 mm superiorly compared to 0.8 mm of
inferior movement in the control group.
B point displayed significance for both horizontal and vertical movement from
T2-T3. Mean horizontal movements resulted in 1.0 mm and 0.2 mm for the study and
control groups respectively. Mean vertical results were 0.7 mm of superior movement
for the experimental group and 1.3 mm of inferior movement for the control group. No
significant change was noted for Pg and Me.
Mandibular Length
Ar-Pg experimental changes from T2-T3 (0.3 mm) displayed statistical
significance compared to the control group which increased 1.8 mm.
56
Vertical
Mandibular plane angle increased 1.9 for the experimental patients compared to
no increase in the control group. No significant change occurred in N-ANS for both the
study and control groups from T2-T3. Both lower facial height and lower facial height to
total facial height showed statistically significant change between the two groups with the
experimental group showing a decrease in vertical change as compared to the controls.
Soft Tissue
Small change was noted for incisor display, lower lip protrusion, and nasolabial
angle from T2-T3.
Analysis of Treatment Effects (T1-T3) (Table 6)
T1-T3 mean time period was 10.6 months for the experimental group. With the
experimental group, an improvement of their Class II Division I relationship was
achieved and maintained. These changes were not seen with the untreated control group.
57
Table 6: Experimental T1-T3 TFBC Changes
Study
Mean SD
Maxillary Skeletal
ANS-PNS,absolute (mm) 0.3 1.43
PP-SN7 (deg) -0.1 1.64
A Point x (mm) -0.4 0.96
A Point y (mm) 1.5 1.58
ANS x (mm) 0.1 0.99
ANS y (ram) 1.1 1.04
Maxillary Dental
Mxl-SN7 (deg) -1.9 4.8
Mxl crown x (mm) -0.7 1.1
Mxl crown y (mm) 1.3 1.27
Mxl root x (mm) 0 1.24
Mxl root y (mm) 0.68
Mx 6 crown x (mm) -0.8 0.77
Mx 6 crown y (mm) -1 0.8
Mx 6 MBroot x (mm) -0.4 0.89
Mx 6 MBroot y (mm) -0.9 0.81
Mandibular Skeletal
Ar-Pg,absolute (mm) 2.4
MP-SN7 (deg) 1.8
Pg x (mm) 1.3
Me y (mm) 2.5
B pt x (mm) 1.2
B pt y (mm) 2
1.68
1.71
1.29
1.64
1.16
1.77
Mandibular Dental
Mnl-APg (mm) 1.5 1.02
IMPA (deg) 3.1 4.39
Mn 1 crown x (mm) 2.2 1.27
Mn crown y (mm) 2.4 1.53
Mn root x (mm) 0.2 1.56
Mn root y (mm) 1.8 1.24
Mn 6 crown x (mm) 2.1 1.55
Mn 6 crown y (mm) 1.34
Mn 6 root x (mm) 1.6 1.51
Mn 6 root y (mm) 1.4 1.28
General Skeletal
N-ANS y (mm) 1.1 1.19
ANS-Me y (mm) 0.9 2.01
LFH(100)/TFH (%) -0.2 0.88
N-A-Pg (deg) -3.7 1.8
A-B(OP) (mm) -3.5 1.61
Control
Mean
0.4
0.4
0.3
1.2
0.4
0.8
0.3
0.4
0.3
0.3
0.4
0.8
0.7
0.6
0.8
2.3
0
0.7
2.2
0.4
1.8
-0.1
0.1
0.1
-0.3
0.1
-0.3
0.7
-0.5
0.6
-0.5
0.8
1.5
0.2
-0.8
-0.1
SD
1.27
0.78
0.46
1.08
0.64
0.84
1.88
0.43
0.37
0.42
0.44
1.01
0.66
0.69
0.74
1.52
0.65
0.68
1.9
0.55
1.87
0.53
2.35
0.32
0.78
0.61
0.65
0.67
0.76
1.01
0.72
1.75
1.29
0.62
1.36
1.69
Significance
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
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General Dental
OJ (mm) -3.2 1.98
Molar (mm) -2.7 1.41
OP-SN7 (deg) 2.7 1.49
Inter-Inc (deg) -3.1 5.78
-0.2
0
-0.3
0.6
0.29
0.4
2.05
3.1
Soft Tissue
Inc-Stm (mm) -0.3 1.52
UL-SnPg (mm) 1.03
LL-SnPg (mm) -0.1 1.51
NL (deg) -3.1 8.68
0.2
0.1
0.4
0.6
1.13
1.94
1.82
6.59
NS
NS
NS
Control measurements are normalized for size and time
*** P<0.001
** P<0.01
* P<0.05
Table 6. Experimental (T1-T3) TFBC Changes
Dental Findings
Molars
Posterior and superior movement of maxillary molars occurred with statistical
significance when comparing the two groups. Mean experimental changes from T1-T3
were 0.8 mm ofposterior and 1.0 mm of superior crown movement for maxillary molars.
In contrast, control group means were 0.8 mm of anterior movement and 0.7 of extrusive
movement for maxillary molars. Maxillary molar roots showed mean experimental
changes of 0.4 mm ofposterior and 0.9 mm of superior movement for horizontal and
vertical changes respectively.
T1-T3 mandibular molar changes in the experimental group displayed
significance when compared to the control group. Horizontal crown and root changes for
the experimental group were 2.1 mm and 1.6 mm respectively. Experimental group
means of 1.0 mm and 1.4 mm for inferior crown and root movements were seen.
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Incisors
No significance change occurred in incisor inclination (Mx1-SN7) between the
two groups for Tl-T3. Maxillary incisor horizontal and vertical changes in relation to
occlusal plane did show significance. Experimental changes for maxillary incisors were
0.7 mm ofposterior crown movement and 1.3 mm of inferior movement compared to 0.4
mm of anterior and 0.3 mm of inferior movement for the control group was seen.
Mandibular incisor inclination and protrusion showed significant change for the
experimental group when compared to the control group. Mean T1-T3 change for Mnl-
APg was 1.5 mm and -0.1 for the experimental and control group respectively. Mean
increase in IMPA of 3.1 for the experimental group was seen with the control group
mean resulting in 0.1 of change. Mean horizontal and vertical incisor experimental
change was 2.2 mm and 2.4 mm for crown and roots respectively.
Overjet
T1-T3 overjet results for the experimental group reduced 3.2 mm compared to 0.2
mm for the control group. Molar discrepancy improved with mean experimental results
of 2.7 mm ofmolar correction. The control group did not demonstrate any molar
improvement.
Dentoalveolar Findings
Occlusal Plane
Treatment from T1-T3 resulted in a clockwise rotation of functional occlusal
plane of 2.7 for the experimental group and-0.3 (counterclockwise) for the control
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Skeletal Findings
Skeletal Convexi.ty
Skeletal convexity reduced 3.7 in the experimental group compared to 0.8 for
the control group. Skeletal convexity reduction can be primarily attributed to posterior
movement ofA point (T1-T3 mean 0.4 ram) and anterior movement ofPg point (T1-T3
mean 1.3 mm). A-B(OP) reduction of 3.5 mm for the experimental group and 0.1 mm in
the control group was seen.
Maxilla and Mandible
No significant changes occurred with the exception ofposterior movement in the
maxilla. Mean experimental results for A point were posterior movement of 0.4 mm
from T1-T3. Control group means resulted in anterior movement of 0.3 mm.
Horizontal anterior movement ofB point occurred from T1-T3 in the
experimental group. Mean experimental results were 1.2 mm compared to 0.4 mm for
the control group. No significant change between the two groups was noted for change in
Pg, Me, and vertical B point.
Mandibular Length
During T1-T3, no statistical significant difference in Ar-Pg measurement was
noted between the experimental and control group.
Vertical
Mandibular plane angle increased 1.8 for the experimental patients with no
change noted for the control group. In addition, no significant change was observed in
vertical dimension for the two groups for Tl-T3.
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.Table 7: Experimental T1-T3 TFBC
Chanles
Maxillary Dental
Mx 6 crown x (mm)
Mx 6 MBroot x (mm)
Mandibular Skeletal
Ar-Pg,absolute (mm)
MP-SN7 (deg)
CMVS II
Mean SD
CMVS I &
III
Mean SD
-0.85 0.86 -0.93 0.84
-0.45 1.08 -0.73 1.03
2.85 1.68 0.76 0.4
1.82 1.1 1.96 1.74
Mandibular Dental
IMPA (deg) 2.32 5.28 0.18 1.36
Mn 6 crown x (mm) 1.66 1.12 1.7 1.68
Mn 6 root x (mm) 1.57 1.66 1.33 1.76
General Skeletal
N-ANS y (mm) 1.24 0.89 1.13 0.95
ANS-Me y (mm) 1.25 2.52 1.58 2.06
LFH(100)/TFH (%) -0.09 0.97 0.1 0.84
N-A-Pg (deg) -4.18 1.99 -4.11 1.79
A-B(OP) (mm) -3.74 1.44 -3.51 1.81
General Dental
OJ (mm) -2.95 2.09 -3.41 2.43
Molar (mm) -2.57 1.52 -2.72 1.62
OP-SN7 (deg) 2.91 1.61 2.67 1.85
Significance
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
NS
Control measurements are normalized for size and time
*** P<0.001
** P<0.01
* P<0.05
Table 7. Experimental (T1-T3) Changes- CVMS II vs. CVMS I & III

Discussion
Twenty patients were evaluated based on skeletal and dentoalveolar changes and
compared to skeletally age matched controls from the Denver Growth Study. The results
obtained were multifaceted in nature. Changes that occurred and maintained were
skeletal, dentoalveolar, and a combination of the two. Patients treated with the TFBC
were diagnosed as having a skeletal Class II relationship due to a retrognathic mandible.
Objectives were to improve on both skeletal and dental deficiencies by way of
maximizing differential jaw growth at peak growth velocity and by favorable
dentoalveolar changes.
Patients were followed for three months with TFBC appliance treatment and by
an additional three months of elastic wear. Patients were instructed to wear 3.5-ounce
intermaxillary seating elastics from the maxillary canine and first premolar to the
mandibular first and second premolar. Elastic wear was chosen with a class II vector to
maintain the correction and allow the posterior occlusion to settle. T3 measurements
represent an evaluation ofboth TFBC treatment and elastic wear.
Appliance Comparisons
Appliance Design
The TFBC is a fixed push-type intermaxillary functional appliance delivering a
spring-induced force through the point of attachment to both the maxillary and
mandibular arch wires. It allows a range ofmotion and lateral jaw movement due to the
incorporation ofball and socket joint fasteners. The TFBC incorporates two plunger/tube
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telescopic assemblies per side, each ofwhich contains a nickel titanium coil spring
delivering a force. This design resists any deflection or bending in the coil spring, thus
delivering a consistent and predictable force to the dentition.
The force delivered by the Jasper Jumper utilizes facial musculature to deliver a
force through a flexible spring module to the dentition. This appliance requires
debonding ofpremolar brackets upon appliance insertion. If the treating clinician does
not wish to do so, an additional auxiliary wire must be incorporated for appliance
attachment.
The Herbst is a rigid appliance that has limitations when lateral excursions are
attempted. During the course of treatment, no TFBC appliance breakage was seen. In
contrast with the Herbst and Jasper Jumper, breakage seems to be one ofthe main pitfalls
with use. The Jasper Jumper is a modification of similar concepts and has incorporated
the use of a flexible spring apparatus thus allowing an increase in lateral jaw movement.
The use of a laboratory for appliance fabrication and insertion is another
disadvantage to the Herbst and other various functional appliances. The TFBC is easily
attached to both the maxillary and mandibular arch wires by way of a hex-nut by the
treating clinician, and can be removed at each monthly visit for an evaluation ofprogress.
Treatment Duration
The mean duration ofTFBC use was 3.2 months. As seen in previous studies,
duration of treatment with the Herbst appliance is usually between six to nine months.2
34 Twin-block and functional appliances such as the Frankel-2 are used for a period of
16 months or more.44
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Analysis of Treatment Effects
Skeletal and dental changes described will be for two time periods. Three months
between T1-T2, seven months between T2-T3, and ten months between T1-T3.
Dental Findings
TFBC appliance treatment, (T1-T2) resulted in posterior movement ofthe
maxillary and anterior movement of the mandibular dentition. This change was stable
during T2-T3. Since the TFBC was attached mesial to the maxillary first molar and distal
to the mandibular canine on a heavy stainless steel arch wire cinched distal to the molars,
no noticeable deflection in the wire was observed. This did not allow any space opening
and flaring. The Herbst appliance is attached to the dentition by crown coverage at the
maxillary first molar and mandibular canines. Treatment effects are distributed to
individual teeth as compared to all teeth as a unit.
Molars
Maxillary and mandibular molar movement resulted in no appreciable crown
tipping with the TFBC. Posterior molar movement obtained in the maxillary dentition (-
0.8 mm) remained stable at both periods observed with the TFBC appliance. These
results are not consistent with the Herbst appliance, (Franchi 1999). With Herbst,
treatment, Franchi has shown some degree ofrelapse in posterior movement of the
maxillary dentition.
Mesial movement ofthe mandibular molars had almost similar results when
comparing the TFBC and the Herbst appliance. A mean treatment change with both
appliances resulted in 2.1 mm ofmesial correction, (McNamara 1990). With the Frankel
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appliance, a similar mesial correction was seen with a 1.7 mm of improvement, (Toth
1999).
Incisors
Incisor proclination initially resulted in a large amount of change (mean 7.7)
with TFBC treatment, but displayed a statistical significant amount of relapse from T2-
T3. From appliance removal, (T2), until the stability analysis, (T3), IMPA decreased
4.6, with a net increase in IMPA from T1-T3 of 3.1. When compared to previous
studies with use of other Class II appliances, similar net results were achieved. 5,19, 42, 44, & 45
With all Class II fixed intermaxillary correction appliances, one can expect some degree
of mesial movement and incisor proclination.
In the present study, the treatment protocol stated the use of-6 torque brackets
on the mandibular incisors along with a 0.021" x 0.025" stainless steel arch wire. This
was used to increase the amount of torque and resist incisor proclination from appliance
treatment. All patients were clinically and radiographically evaluated prior to appliance
insertion for adequate attached gingiva. Patients that exhibited minimal cortical bone on
the cephalogram, or minimal attached gingival were excluded from the study.
Overjet
The TFBC resulted in a similar amount of overjet reduction (mean -3.2 mm) when
compared to other fixed Class II appliances, (Franchi 1999 & Toth 1999). Studies have
shown a change of-4.1 mm with the Herbst, -3.6 mm with the Twin-block, and-3.1 mm
with the Frankel-2, (Franchi 1999 & Toth 1999). All appliances achieve this reduction
by a combination of distal movement of the maxillary incisors and mandibular incisor
proclination.
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Dentoalveolar Findings
Occlusal Plane
A change in cant of the occlusal plane was also a contributor to Class II
correction. A comparison ofmeans of cant of the occlusal plane showed a statistically
significant difference between the study and control group with means of 2.7 and 0.13
respectively for T1-T3. Little discussion of occlusal plane change has been noted in
previous studies, l’ 19,42,44,& 45 With TFBC treatment, there was a large increase in cant of
the occlusal plane seen from T1-T2, (mean 4.8). During the stability phase, 2.1 of
relapse occurred, resulting in a net increase at T3 of 2.7.
Skeletal Findinas
Skeletal Convexi.
A reduction in skeletal convexity, (mean 3.7), at N-A-Pg, was achieved with
TFBC treatment for time period T1-T3. This showed statistical significance when the
experimental group was compared to the untreated controls. N-A-Pg correction was
obtained by both a posterior movement ofA point (mean -0.4 mm), and an anterior
movement ofPg point (1.3 mm).
Maxilla and Mandible
As seen with the Herbst appliance, posterior movement of the maxillary denture
base can be expected with a mean study result of-0.5 mm for A point, (McNamara
1990). TFBC results were similar with A point repositioning of-0.4 mm in the posterior
direction.
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Mandibular Length
Ar-Pg mean for the study group resulted in 2.4 mm ofchange over a combined
ten month period (T1-T3). No change in Ar-Pg occurred from time periods T2-T3, thus
indicating stability with TFBC appliance treatment. Treatment results seen with TFBC
confirm with previous studies by both Franchi14 and McNamara who reported on Herbst
appliance results used for a period up to one year.
With appliance placement, the patients were postured to an edge-to-edge
occlusion for a period of three months. The force was delivered by the musculature and
TFBC spring. The spring force was of oscillating nature due to various jaw movements.
The use of cyclic as opposed to static forces has been shown to induce significantly more
sutural growth when comparing peak magnitude and duration.3’ 33 Mao et al. 3, 33 stated
that mechanical stress and sutural strain to the zygomaticotemporal complex creates a
cascade effect once stresses are applied. Stress strains on various sutures result in
mechanotransduction, thus leading to increased fluid flow, cell proliferation, and
increased sutural growth.
Voudouris and Woodside3 37 also concur with similar concepts as they touched
on the growth relativity theory which states that stress-strains from reciprocal forces on
fibers between the condyle and glenoid fossa when postured forward create transduction
and increase in remodeling.36’ 37
As seen in many previous studies, stimulation to the condyle and glenoid fossa by
disocclusion results in an increase in condylar length. 7’ 19,20,27,34,36, &37-40 Numerous studies
have indicated the relationship ofmandibular growth to statural height and peak growth
velocity.3,4, s, , 12,& 13 As seen with previous studies, the greatest effects of functional
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appliance therapy take place when peak mandibular growth is included in the treatment
period. 12, 20, 21, 24, & 29
Vertical Dimension
Vertical dimension with TFBC treatment did not exhibit any significant change.
This finding concurs with the observations of other Class II appliances such as the
Herbst, Frankel, and Jasper Jumper. 14’ 15, 42,& 45 On the other hand, treatment with the Twin-
block appliance has shown results with both maintenance and an increase in vertical
dimension.44 This difference varies based on whether relief of the acrylic bite-block is
performed during treatment.
Treatment Timing
In this study, eleven patients were categorized as being CVMS II maturation
stage.3 a 3 The eleven patients categorized as CVMS II when compared to the nine study
patients within CVMS I and III, did show a mean increase of 2.9 mm at Ar-Pg compared
to an increase of 1.8 mm respectively, (Table 7). The results seen with TFBC appliance
therapy at peak height velocity are similar to results obtained with the use of the Herbst
appliance. As stated by Pancherz et al., 3, , 2 greater skeletal changes can be achieved
during peak height velocity when compared to pre and post peak patients.
Aooliance Removal
Upon appliance removal, all patients were instructed to wear intermaxillary
seating elastics from maxillary canine and first premolars to mandibular first and second
premolars. Elastic wear was for three months and was chosen with a class II vector to
maintain correction and allow the posterior occlusion to settle. Variation in elastic wear
could not be accurately evaluated based on the reliance ofpatient’s compliance.
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Study Design
In designing this study, all factors which might contribute to optimal results were
considered and targeted. Patients were selected for appliance treatment as close to peak
growth velocity as possible with average an chronological age of 13.8 for the males and
13.3 for the females. Appliance design was chosen with an oscillating force system as
compared to a static force. A fixed versus a removable appliance was chosen to eliminate
patient compliance, and the incorporation of a hex-nut attachment allowed the treating
clinician to evaluate progress achieved for minimal treatment duration.
For credibility with any type of treatment and study, a stability analysis is
required. All twenty patients treated with the TFBC were followed for a minimum of six
months with a mean stability analysis of 7.4 months. With this follow-up, future
clinicians can predict appliance results, as well as possible long term changes.
A sample size of twenty patients is a limitation of this study. A larger sample size
could only increase the degree of certainty of results for future treating clinicians.
Additionally, trends could not be analyzed for statistical significance once the
experimental group was split up to even smaller numbers. By increasing the sample size,
the treatment trends can be further evaluated and categorized.
Conclusion
In summary, there were many factors that aided in the Class II correction seen
within the study group. The results obtained were skeletal, dentoalveolar, and a
combination of the two. Treatment timing did show statistical significance when
comparing peak height velocity. The use of an oscillating force system compared to a
static one has been shown to induce a greater amount of sutural growth and could have
been a key factor in the high degree of success. All concepts which aid in Class II
correction were incorporated within this study and offered by the design of the TFBC
appliance. With appliance treatment, there was a large amount of incisor proclination and
canting of the occlusal plane initially, but upon appliance removal, the occlusion settled
and a slight bit ofrelapse and settling was seen of the extreme changes, with Ar-Pg,
molar relationship, and Class II correction being maintained.
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_Appendix B: Independent (T1, T2, T3) Cephalometric Measures
Craniofacial Relationship Measures
Maxillary Skeletal
1. ANS-PNS mm
2. PP-SN7 deg
Anterior-posterior dimension ofmandible
Angle ofpalatal plane/nasal floor to constructed frankfort
Mandibular Skeletal
3. Ar-Pg mm
4. MP-SN7 deg
5. N-A-Pg deg
Effective length ofmandible
Angle ofmandible to constructed frankfort
Facial convexity angle; actually 180-(N-A-Pg)
Maxillo-Mandibular
6. A-B(OP) mm Position ofmaxillary denture base relative to mandibular
denture base along respective (T1,T2,T3) functional occlusal plane
reference axes
Vertical
7. N-ANS y mm
8. ANS-Me y mm
9. LFH(100)/TFH %
Upper facial height, measured along perpendicular to SN7
Lower facial height, measured along perpendicular to SN7
Lower facial height percentage of total facial height
Interdental
10. OJmm
11. Molar mm
12. FOP-SN7 deg
13. Inter-Inc deg
Overjet-measure ofMxl incisal edge relative to Mnl incisal edge
along respective (T1,T2,T3) functional occlusal plane reference axes
Molar relationship-measure ofMx6 mesiobuccal cusp tip relative
to Mn6 buccal groove point along respective (T1,T2,T3) functional
occlusal plane reference axes
Angle of functional occlusal plane to constructed frankfort
Angle between upper and lower central incisors
Maxillary Dental
14. Mxl-SN7 deg
15. Inc-Stm y mm
Mandibular Dental
16. Mnl-MP deg
17. Mnl-APg mm
Angle between upper central incisor and constructed frankfort
Incisal show-measure from stomion superius to incision along
perpendicular to constructed frankfort
Angle between lower central incisor and mandibular plane
Protrusion of lower central incisor (along perpendicular to A-Pg line)
Soft Tissue
18. UL_SnPg mm
19. LL-SnPg mm
20. NL deg
Measure along a perpendicular to subnasale-soft tissue pogonion to
labrale superius
Measure along a perpendicular to subnasale-soft tissue pogonion to
labrale inferius
Angle between nose and philtrum ofupper lip
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Appendix C: Cephalometric Measures Derived from Superimpositions
Cranial Base Superimposition
Craniofacial Relationship Measures
Maxillary Skeletal
APtxmm
APtymm
ANS xmm
ANS ymm
Anterior-posterior change ofA Point along constructed frankfort axis
(ofT1)
Vertical change ofA Point along axis perpendicular to constructed
frankfort (ofT1)
Anterior-posterior change ofANS along constructed frankfort axis
(ofT1)
Vertical change ofANS along axis perpendicular to constructed
frankfort (ofT1)
Mandibular Skeletal
Pgxmm
Meymm
B Ptxmm
B Ptymm
Anterior-posterior change ofPg along constructed frankfort axis (ofT1)
Vertical change ofMe along axis perpendicular to constructed frankfort
(ofT1)
Anterior-posterior change ofB Point along constructed frankfort axis
(ofT1)
Vertical change ofB Poim along axis perpendicular to constructed
frankfort (ofT1)
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Appendix N" Derivation of Normalization Factors
Size (Magnification)
Subject Study T1 S-N (mm) Control T1 S-N (mm)
Time (months)
Study (T2-T1) Control (T2-T1)
1 79 68.2 3.4 5.9
2 73.3 72.3 4.2 14.1
3 75.4 74.6 3 10.8
4 73.6 70.9 3.1 14
5 75.9 68.3 4.3 12.1
6 80.2 69.8 2.4 12.2
7 71.8 68.4 3.2 11.7
8 78.8 59.8 4.3 10.9
9 73.2 74.9 2.8 11.4
10 77.8 68 3.2 11.9
11 74.9 66.3 3.2 11.6
12 74.8 67.4 2 9.6
13 79.1 72.9 3.3 13.1
14 75.2 71.5 2.6 12.8
15 74.9 68 3.3 12.3
16 70.9 67.1 2.6 12.3
17 77.3 66.3 2.7 12
18 74.8 66.1 4.2 13
19 84.9 73.7 3 11.1
20 75 72 2.8 13.1
Mean 76.04 69.325 3.18
Factor 76.04 69.325
1.097
11.795
3.18 / 11.795
0.27
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Appendix N" Derivation of Normalization Factors Cont.
Subject Control (T3-T2)
Time (months)
Study (T3-T1) Control (T3-T1)
Factor 7.4/11.795 10.58/11.795
0.63 0.9
Mean 11.795 10.58 11.795
1 5.9 13.4 5.9
2 14.1 10.8 14.1
3 10.8 9.3 10.8
4 14 9.3 14
5 12.1 11.2 12.1
6 12.2 7.7 12.2
7 11.7 14.1 11.7
8 10.9 10.4 10.9
9 11.4 8.7 11.4
10 11.9 9.3 11.9
11 11.6 9.1 11.6
12 9.6 8 9.6
13 13.1 12.7 13.1
14 12.8 14.2 12.8
15 12.3 12.1 12.3
16 12.3 11.3 12.3
17 12 8.8 12
18 13 13 13
19 11.1 9.6 11.1
20 13.1 8.6 13.1
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Appendix P6: Control- General Dental Chanaes (Norm)
Subject OJ (mm) Molar (mm) OP-SN7 (deg) Inter_Inc (deg)
1 -0.1 -0.1 -0.1 -0.5
2 -0.1 0.0 -0.5 1.6
3 -0.2 0.0 -0.3 0.9
4 0.0 -0.1 0.0 0.4
5 -0.1 0.0 -0.8 -0.1
6 0.0 0.0 0.7 1.8
7 -0.1 0.0 -0.8 0.4
8 -0.1 0.0 -0.4 0.0
9 -0.1 -0.2 0.7 1.5
10 -0.1 0.0 0.5 -1.5
11 0.0 -0.1 -0.1 -0.5
12 -0.2 -0.1 0.4 -0.8
13 0.1 0.2 -0.4 1.1
14 0.0 0.2 -1.1 -0.1
15 -0.1 0.2 0.0 -0.7
16 -0.1 -0.2 -0.3 -0.9
17 0.0 -0.1 0.7 0.3
18 0.0 0.0 0.8 -0.5
19 0.0 0.1 0.5 0.9
20 -0.1 0.1 -1.1 0.7
Mean -0.1 0.0 -0.1 0.2
SD 0.09 0.12 0.61 0.92
(i) Linear measurements normalized by time and size factors
(ii) Angular measurements normalized by time factor
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Appendix P7" Control- Soft Tissue Changes (Norm)
Subject Inc-Stm (mm) UL-SnPg (mm) LL-SnPg (mm) NL (deg)
1 -0.1 0.0 0.0 -2.3
2 0.6 -0.3 -0.1 2.7
3 0.3 -0.3 -0.3 1.2
4 -0.1 0.0 0.4 3.3
5 -0.2 0.1 0.6 0.9
6 0.3 0.3 0.3 0.3
7 -0.3 1.6 0.9 -3.5
8 0.4 0.7 0.5 -1.5
9 0.3 0.3 0.3 -0.7
10 0.7 -0.5 -0.4 0.0
11 -0.3 -0.6 -0.1 -2.0
12 0.0 -0.3 -0.1 -0.1
13 0.1 -0.3 -0.9 -2.7
14 -0.2 -0.1 0.1 -1.2
15 0.0 -0.1 0.1 0.5
16 -0.1 0.1 -0.1 0.3
17 0.1 -0.1 -0.1 1.6
18 -0.3 0.2 0.5 2.8
19 0.5 -0.3 0.3 2.0
20 -0.6 1.0 1.5 0.0
Mean 0.1 0.1 0.2 0.1
SD 0.33 0.53 0.51 1.90
(i) Linear measurements normalized by time and size factors
(ii) Angular measurements normalized by time factor
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Appendix Q6: Control- General Dental Changes (Norm)
Subject OJ (mm) Molar (mm) OP-SN7 (deg) Inter_Inc (deg)
1 -0.3 -0.3 -0.3 -1.3
2 -0.3 0 -1.3 3.8
3 -0.5 -0.1 -0.6 2.2
4 0 -0.2 0 0.9
5 -0.3 -0.1 -1.9 -0.3
6 0.1 0 1.6 4.1
7 -0.2 -0.1 -1.9 0.9
8 -0.3 -0.1 -0.9 0
9 -0.3 -0.4 1.6 3.5
10 -0.1 -0.1 1.3 -3.5
11 -0.1 -0.2 -0.3 1.3
12 -0.4 -0.2 0.9 -1.9
13 0.3 0.5 -0.9 2.5
14 0 0.5 -2.5 -0.3
15 -0.3 0.6 0 -1.6
16 -0.2 -0.4 -0.6 -2.2
17 0 -0.2 1.6 0.6
18 0 0 1.9 -1.3
19 0.1 0.3 1.3 2.2
20 -0.1 0.1 -2.5 1.6
Mean -0.1 0.0 -0.2 0.4
SD 0.20 0.29 1.43 2.16
(i) Linear measurements normalized by time and size factors
(ii) Angular measurements normalized by time factor
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Appendix Q7: Control- Soft Tissue Changes (Norm)
Subject Inc-Stm (mm) UL-SnPg (mm) LL-SnPg (mm) NL (deg)
1 -0.2 0 -0.1 -5.4
2 1.3 -0.8 -0.2 6.3
3 0.7 -0.8 -0.7 2.8
4 -0.3 0 0.8 7.6
5 -0.4 0.2 1.3 2.2
6 -2.2 -1.5 5.7
7 -0.7 3.8 2.2 -8.2
8 0.8 1.7 1.3 -3.5
9 0.6 1.1 -0.1 -1.6
10 1.7 -1.2 -0.8 0
11 -0.6 -1.3 -0.1 -4.7
12 0.1 -0.7 -0.1 -0.3
13 0.2 -0.8 -2.1 -6.3
14 -0.6 -0.1 0.2 -2.8
15 0.1 -0.2 0.3 1.3
16 -0.3 0.1 -0.2 0.6
17 O. -0.3 -0.3 3.8
18 -0.7 0.5 1.3 6.6
19 1.1 -0.7 0.7 4.7
20 -1.3 2.4 3.6 0
Mean 0.1 0.0 0.3 0.4
SD 0.79 1.37 1.27 4.60
(i) Linear measurements normalized by time and size factors
(ii) Angular measurements normalized by time factor
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Appendix R6: Control- General Dental Chanes (Norm)
Subject OJ (mm) Molar (mm) OP-SN7 (deg) Inter_Inc (deg)
1 -0.4 -0.4 -0.5 -1.8
2 -0.4 0 -1.8 5.4
3 -0.7 -0.1 -0.9 3.2
4 0 -0.3 0 1.4
5 -0.5 -0.1 -2.7 -0.5
6 0.1 0 2.3 5.9
7 -0.3 -0.1 -2.7 1.4
8 -0.4 -0.1 1.4 0
9 -0.4 -0.6 2.3 5
10 -0.2 -0.1 1.8 -5
11 -0.1 -0.3 -0.5 -1.8
12 -0.6 -0.3 1.4 -2.7
13 0.5 0.7 -1.4 3.6
14 0 0.7 -3.6 -0.5
15 -0.5 0.8 0 -2.3
16 -0.3 -0.6 -0.9 -3.2
17 0 -0.3 2.3 0.9
18 0 0 2.7 -1.8
19 0.1 0.4 1.8 3.2
20 -0.2 0.2 -3.6 2.3
Mean -0.2 0.0 -0.3 0.6
SD 0.29 0.40 2.05 3.10
(i) Linear measurements normalized by time and size factors
(ii) Angular measurements normalized by time factor
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Appendix R7" Control Soft Tissue Changes (Norm)
Subject lnc-Stm (mm) UL-SnPg (mm) LL-SnPg (mm) NL (deg)
1 -0.3 0 -0.1 -7.7
2 1.9 -1.1 -0.3 9
3 -1.1 -1 4.1
4 -0.4 0 1.2 10.9
5 -0.6 0.3 1.9 3.2
6 1.4 -3.1 -2.2 8.1
7 -1 5.4 3.2 -11.7
8 1.2 2.4 1.8 -5
9 0.9 1.5 -0.2 -2.3
10 2.4 -1.7 -1.2 0
11 -0.9 -1.9 -0.2 -6.8
12 0.1 -1 -0.2 -0.5
13 0.3 -1.1 -3 -9
14 -0.8 -0.2 0.3 -4.1
15 0.1 -0.3 0.4 1.8
16 -0.4 0.2 -0.3 0.9
17 0.2 -0.4 -0.4 5.4
18 -1 0.7 1.8 9.5
19 1.6 -1 6.8
20 -1.9 3.4 5.1 0
Mean 0.2 0.1 0.4 0.6
SD 1.13 1.94 1.82 6.59
(i) Linear measurements normalized by time and size factors
(ii) Angular measurements normalized by time factor
